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Abittifil 


Research  under  this  contract  was  conducted  in  two  phases.  In  phase  1,  Cl 
August  1979  -  3r"July  IWJ^" the  objective  was  to  establish  a  subaicroaeter 
structures  research  lab  on  the  MIT  caapus.  to  develop  fabrication  techniques 
for  the  spatial  doaain  below  lOOolT^and  to  pursue  several  areas  of  inter¬ 
disciplinary  research.  Research  under  phase  1  saw  the  developaent  of  an 
effective  sub-lOOOX^technology,  successful  alignaent  of  liquid  crystal  filas. 
progress  in  our  understanding  of  the  graphoepitaxy  pbenoaenon,  and  attachaent 
of  organic  aolecules  to  subaicroaeter  structures.  In  phase  2  Cl' August  1982  - 

s.  ....  J 

31  July  1984)  we  deaonstrated  surf ace-energy-driven  secondary  grain  growth  in 
Si  and  Ge  and  showed  that  graphoepitaxial  alignaent  of  Ge  can  be  achieved 
using  this  grain  growth  process.  These  results  indicate  that  if  the  teapera- 
ture  required  for  secondary  grain  growth  can  be  driven  down  then  graphoepitaxy 
should  be  able  to  fora  the  basis  of  a  general  process  for  obtaining  single¬ 
crystal  device  filas,  of  virtually  any  aaterial,  on  aaorphous  substrates. 

This  would  have  significant  iapact  on  future  ailitary  systeas. 
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i.  iRirpdftiLUgB 


This  contract  vss  established  in  Angnst  1979.  It's  initial  objective 
(phase  1)  was  to  help  establish  snbaicroaeter-strnctnres  research  on  the 
M.I.T.  eaapns  and  to  stianlate  interdisciplinary  applications  of  snbaicroaeter 
structures.  The  DAKPA  support  was  crucial  in  creating  at  M.I.T.  a  broad 
research  capability  in  snbaicroaeter  structures  and  stiaulating  interdis¬ 
ciplinary  research.  Accoaplishaents  under  phase  1  of  this  contract  are 
suaaarized  in  Section  IV.A.,  and  publications  under  phase  1  are  listed  in 
Section  V.A. 

In  August  1982  the  contract  was  renewed  for  2  years  and  focused  on 
graphoepitaxy  research.  Ve  refer  to  this  period  as  phase  2  of  the  contract. 
Accoaplishaents  under  phase  2  are  suaaarized  in  Section  IV.B.,  and  aajor 
publications  are  listed  in  Section  Vi. 

II.  laoact  si  gtMhoftPi^m  SM  Svstcas 

In  the  1990's  and  beyond,  ailitary  systeas  will  require  the  integration, 
on  the  saae  substrate,  of  electronic,  optical,  acoustic  and  IR  sensor  devices 
in  coaplez  configurations,  soaetiaes  with  vertioal  layering  or  3D  integration. 
Conventional  techniques  for  growing  single-crystal  thin  filas,  such  as  CVD, 
LPCVD,  MO CVD  and  MBE  cannot,  by  theaselves,  aeet  all  future  aaterials  needs 
because  they  require  single-crystal  substrates  with  aatching  or  near-aatching 
lattice  paraaeters.  Techniques  based  on  i one-melting  recrystallization  have 
produced  device-quality  Si  filas  on  aaorphous  substrates,  and  nay  soon  yield 
device-quality  Ge  filas  on  aaorphous  substrates,  which  oould  serve  as  sub¬ 
strates  for  GaAs  eptiazial  growth.  However,  because  the  Si  (or  Ge)  is  aelted 
and  resolidif ied,  high  teaperatures  are  used.  This  militates  against  3D 
integration  and  iaposes  a  number  of  additional  constraints. 
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Under  phase  2  of  this  contraot  we  proposed  to  investigate  two  approaches 
to  the  formation  of  single-crystal  films  of  Si,  GaAs  and  other  compound  semi¬ 
conductors  on  insulating  amorphous  substrates.  Both  were  based  on  the  use  of 
a  submicrometer-period  artificial  surface-relief  template  to  induce  orienta¬ 
tion  (i.e.,  graphoepitaxy).  Thus,  they  held  promise  of  circumventing  the 
major  shortcoming  of  conventional  crystal  growth  techniques:  dependence  on  a 
single-crystal  substrate.  They  also  would  circumvent  the  major  shortcoming  of 
xone-melting  recrystallization  techniques:  the  need  to  melt  the  starting 
material.  The  two  approaches  were:  1)  Si  graphoepitaxy  by  Sil^  CVD,  and  2) 
surf ace— energy-driven  graphoepitaxy.  The  first  had  been  pursued  as  one  task 
in  phase  1  of  this  contract.  The  second  was  a  completely  novel  approach  to 
fabricating  ultrathin  single-crystal  films  on  amorphous  substrates  which 
should  be  applicable  to  the  full  spectrum  of  device  materials.  If  one  could 
produce  single-crystal  ultrathin  films  on  an  amorphous  substrate  by  surface- 
energy-driven  graphoepitaxy  then  thicker  crystalline  films  or  heterostruc¬ 
tures,  as  required  for  devices,  could  subsequently  be  grown  over  the  ultrathin 
films  by  conventional  low-temperature  deposition  processes  (e.g.,  CVD,  LPCVD, 
MOCVD,  MBE). 

iii.  QfrimiYv*  btw9l>  Cvatmt 

A.  Phase  1  WjJffUym 

Under  phase  1  we  proposed  to  conduct  research  in  four  areas: 

1.  fundamental  limitations  of  microfabrication; 

2.  submicrometer  structures  and  liquid  crystal  research; 

3.  graphoepitaxy; 

4.  attachment  and  properties  of  organic  molecules  on 
submicrometer  structures. 


A  aajor  objective  of  tbit  prograa  vet  to  stiaulate  interdisciplinary  research 
involving  several  acadeaic  departaents. 

B.  Phase  i  Objectives 

Under  phase  2  ve  proposed  a  two-year  prograa  of  research  and  developaent 
to  adapt  graphoepitaxy  to  the  fabrication  of  single-crystal  filas  for  devices. 
The  long-range  goal  was  to  provide  a  technology  able  to  aeet  the  deaands  of 
fntnre  DoD  device  systeas  for  the  integration  of  several  different  aaterials 
on  the  saae  substrates  and  for  30  integration.  The  intention  was  to  work 
initially  with  Si  and  two  distinct  processes,  surface-energy-driven  grapho¬ 
epitaxy  and  Silj  CVD,  and  if  we  were  successful  with  the  Si.  to  aove  on  to 
other  aaterials  such  as  GaAs  and  HgCdTe.  The  iteas  of  the  Vork  Stateaent 
were  as  follows: 

1.  Investigate  the  feasibility  of  surface-energy-driven  graphoepitaxy 
for  providing  thin  single-crystal  filas  of  Si.  GaAs  and  other 
coapound  seaiconductors  on  insulating,  aaorphous  substrates; 

2.  Investigate  the  feasibility  of  achieving  single-crystal  filas  of  Si 
by  graphoepitaxy  using  the  Sil^  CVD  process. 

3.  Develop  the  technology  of  graphoepitaxy,  including  aethods  of  relief 
structure  fabrication,  with  a  view  to  providing  aeans  for  integrating 
several  device  filas  on  the  saae  substrate  and  three-diaensional 
devices. 

IV.  AptWPUllatati  fialRA  Research  SsaUlil 
A.  Phase  1  al  Cgatll Si 

With  DARPA  support,  as  well  as  support  froa  other  sponsors,  we 
established  s  lab or story  at  M.I.T.  with  unique  capabilities  for  fabricating 


subaicroaeter  structures,  sad  successfully  pursued  research  ia  several  iater- 
disclpliaary  areas. 

Ve  iavestigated  the  techaiques  of  holographic  aad  z-ray  lithography,  aad 
spatial-period  divisioa,  aad  pushed  liaewidths  veil  below  lOOOA.  A  shadoviag 
techaique  vas  used  to  fabricate  z-ray  aasks  with  liaewidths  of  300 A,  aad  this 
aash  was  successfully  replicated.  Reactive-ioa  etchiag,  electroplatiag  aad 
liftoff  were  also  developed  aad  successfully  used  to  produce  useful  structures 
of  2000A  period  with  liaewidths  dowa  to  300A.  These  results  are  described  ia 
publicstioas  listed  ia  Sectioa  V.A. 

Several  liquid  crystals  were  naiforaly  aligaed  usiag  3000A  aad  2000 A- 
period  gratiags  produced  ia  quartz  by  holographic  lithography  aad  reactive-ioa 
etchiag.  This  permitted  a  auaber  of  basic  studies  of  liquid  orystal  physics 
to  be  carried  out,  as  described  ia  two  publicstioas  listed  ia  Sectioa  V.A.  (H. 
voa  Kaael  as  first  author). 

The  aechaaisa  respoasibie  for  the  orieatatioa  observed  whea  Si  is 
recrystallized  over  surfaoe-relief  gratiags  was  iavestigated.  Ve  deteraiaed 
that  the  orieatatioa  occurs  ia  a  partial ly-aol tea  traasitioa  regioa,  aost 
probably  duriag  solid-state  graia  growth  just  below  the  aeltiag  poiat.  Ve 
also  iavestigated  graphoepitazy  from  solutioa  aad  deteraiaed  that  the  effect 
is  quite  stroag  ia  alkali  halides  but  the  method  is  aot  adaptable  to,  or 
practical  for,  seaicoaductor  filas.  Publicstioas  are  listed  ia  Sectioa  V.A. 

Ve  iavestigated  a  auaber  of  aeaas  for  sttachaeat  of  orgaaic  molecules  to 
subaicroa  structures.  The  aost  successful  iavolved  silaae  cheaistry.  For 
ezaaple,  aaiao  silaae  aolecules  were  attached  to  aa  aluaiaua  surface  ia  a 
patteraed  aoaolayer.  This  pattera  was  thea  built  up  to  a  crossliaked  aetwork 
by  several  alteraatiag  iaaersioas  ia  a  bifuactiaal  epoxide  aad  a  diaaiae. 


B.  am  l  al  Contract 

Te  demonstrated  that  the  phenomenon  of  eurf ec e-ene r gy-dr iv en  secondary 
grain  growth  does  indeed  occur,  as  we  had  predicted,  in  nltrathin  (-3001) 
films  of  Si  and  Ge,  and  that  the  dependences  on  film  thickness,  temperature 
and  doping  were  also  in  reasonable  accord  with  theory.  However,  the 
dependence  on  time  deviated  strongly  from  predictions:  grain  growth  occurs 
rapidly  at  first  bat  slows  down  abruptly  after  only  a  few  minutes.  All 
indications  are  that  this  phenomenon  should  be  applicable  to  nearly  any 
material. 

In  the  ease  of  Ge  over  surface-relief  gratings  in  SiOj  we  demonstrated 
that  graphoepitaxy  does  indeed  occur  by  a  purely  solid  state,  surface-energy- 
driven  grain-growth  process.  Ve  consider  this  a  highly  significant  achieve¬ 
ment  which  opens  the  door  to  new  means  for  preparing  device  films  without  the 
constraint  of  lattice  matching  to  a  substrate.  Our  results  on  Si  and  Ge  are 
given  in  publications  listed  in  Section  VJB.  Future  goals  of  the  surface- 
energy-driven  graphoepitaxy  research  will  be  to  develop  means  for  driving  down 
the  temperature  required  to  achieve  orientation,  and  to  improve  the  overall 
quality  of  films. 

Ve  also  investigated  the  use  of  Sil^  CVD  to  achieve  graphoepitaxy.  This 
was  the  subject  of  a  PhJ).  thesis  (S.  Dana).  Ve  found  that  a  grating  could 
induce  preferential  nucleation  but,  because  deposition  conditions  were  far 
from  equilibrium,  alignment  could  not  be  achieved.  A  series  of  experiments 
were  carried  out  in  an  oscillatory,  single-sons  furnace.  This  approach  was 
abandoned  when  we  determined  that  we  could  not  restrict  growth  to  the  sub¬ 
strate  plane.  Instead,  crystallites  preferred  to  grow  in  a  direction  normal 


to  the  surface 
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